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@> Polyimide multilayer wiring substrate and method for manufacturing the same. 



(57) A polyimide multilayer wiring substrate that 
comprises a plurality of wiring layer blocks, 
each of which including a plurality of polyimide 
wiring layers, which are electrically connected 
and formed into a single body by means of an 
anisotropic conductive film that is inserted be- 
tween adjacent blocks, the multiple wiring sub- 
strate being manufactured by inserting said 
anisotropic conductive film between adjacent 
blocks and compressing and heating the blocks 
and layer of film so as to form them into a single 
body. This process of inserting, compressing 
and heating is repeated N times to provide a 
layered structure comprising N pieces of wiring 
layer blocks. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the 
structure of a polyimide multilayer wiring substrate 
having multiple wiring layers, wherein polyimide resin 
is employed as interlaminar insulation, and a manu- 
facturing method of said substrate.and, more partic- 
ularly to a structure of polyimide resin layers and a 
method for laminating said layers. 

2. Description of the Related Art 

The use of a multilayer printed wiring substrate as 
a wiring substrate for carrying LSI chips is well known. 
The multilayer printed wiring substrate comprises 
copper-plated layered sheets as core materials and 
prepreg as adhesives for the core materials, the core 
materials and prepreg being alternately laminated in- 
tegrally with each other by application of heat press- 
ing. After the core materials and prepreg are integrally 
laminated, through-holes are drilled through the sub- 
strate by means of a drill and the inner walls of the 
through-holes are plated with copper to effect electri- 
cal connections between the laminated sheets. 

In recent years, a polyimide-ceramic multilayer 
wiring substrate in which polyimide resin is applied to 
a ceramic substrate to effect interlaminar insulation 
has been brought into use as a wiring substrate for 
use in a large computers. This type of substrate re- 
quires wiring of greater density than that of the multU 
layer printed wiring substrate. Said polyimide-ceramic 
multilayer wiring substrate is produced by a method 
comprising a series of polyimide resin insulation layer 
formation steps, in which polyimide-precursor varnish 
is applied to a ceramic substrate and dried to form a 
coating film in which viaholes are formed, and a wiring 
layer formation steps, in which photolithography, va- 
cuum vapor deposition and plating methods are util- 
ized, these steps being repeated to form polyimide 
multiple wiring layers. 

Apart from the aforementioned method for form- 
ing a polyimide-ceramic multilayer wiring substrate, 
there is a method for forming a multilayer wiring sub- 
strate by forming a wiring pattern on* a polyimide 
sheet, positioning said sheet on a ceramic substrate, 
and successively performing the aforementioned 
steps under pressure to form laminated sheets. By 
this method, a signal layer is formed one sheet at a 
time, thereby enabling the selection and lamination of 
sheets free from defects, with the result that the man- 
ufacturing yield can be raised. 

In the aforesaid multilayer printed wiring sub- 
strate, electrical connection between laminated 
sheets is established through a through-hole formed 
by means of a dril); however, it is impossible to form 
a through-hole having a very small diameter, and the 



number of connections that can be provided by the 
through-holes is therefore limited. Since one connec- 
tion between laminated sheets requires one through- 
hole, as the number of laminations increases, the ca- 

5 pacity for accommodating signal wirings decreases, 
thereby making it difficult to form a multilayer printed 
wiring substrate of high wiring density. 

A polyimide-ceramic multilayer wiring substrate 
which has recently been developed to remedy the 

10 drawback of the conventional multilayer printed wiring 
substrate requires repeated processes comprising 
application of precursor varnish to a ceramic sub- 
strate, drying said varnish, formation of viaholes, and 
curing the substrate, these processes being repeated 

15 as many times as the number of laminations of polyi- 
mide insulation layers, resulting in a very lengthy lam- 
ination process of the multilayers. Since the formation 
process of the polyimide insulation layers is per- 
formed repeatedly, the polyimide resins of lower iay- 

20 ers of the multiple wiring layers are repeatedly sub- 
jected to the heat stress of the curing process, result- 
ing in the degradation of the polyimide resins. Further, 
the polyimide multiple wiring layers are laminated in 
succession, layer after layer, thereby making it diffi- 

25 cult to improve manufacturing yield. 

If the lamination is carried out sheet after sheet, 
a process which has been developed to improve the 
manufacturing yield, there are also the drawbacks 
that since the layers are laminated layer after layer 

30 under pressure, as the number of layers increases, 
heat stress is imparted to the polyimide resin of the 
lower layers and causes the degradation of the lower 
layers, and in addition, the manufacturing process is 
time-consuming.. 

35 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been 
made to overcome the deficiencies and disadvantag- 

40 es of the prior art. 

An object of the invention is to provide a polyimide 
multilayer wiring substrate having large numbers of 
layers, high-density wiring, and high capacity for ac- 
commodating signal wiring. 

45 Another object of the invention is to eliminate the 

need for repeated curing, thereby reducing the man- 
ufacturing period of wiring substrates and preventing 
the degradation of polyimide resins due to repeated 
curing. 

so A further object of the invention is to make it pos- 

sible to inspect wiring layers, block after block, to im- 
prove the manufacturing yield ratio. 

Yet another object of the invention is to prevent 
the occurrence of cracks and fractures in the polyi- 
55 mide resins and ceramic boards. 

According to the invention, a polyimide multilayer 
wiring substrate is provided, in which a plurality of 
polyimide wiring layers are formed into wiring layer 
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blocks, which are classified into two groups, first wir- 
ing layer blocks and second ones. By interposing an 
anisotropic conductive film between the surface of 
polyimide of the first block and that of the second 
block, N pieces of the wiring blocks are formed into a 
one-piece body. In a multilayer wiring substrate hav- 
ing polyimide multiple wiring layers formed on an in- 
sulating substrate, said polyimide multiple wiring lay- 
ers are formed into a layered structure by stacking a 
plurality of blocks on one another, each of said blocks 
having polyimide wiring layers formed on both sides 
of an insulating board including therein a conductive 
layer, in which electrical connection and bonding be- 
tween the adjacent blocks is established through an 
anisotropic conductive film interposed between the 
said blocks. 

Further, the present invention provides a method 
for manufacturing a polyimide multilayer wiring sub- 
strate in which an anisotropic conductive film is inter- 
posed between two wiring layer blocks which are 
compressed and heated to form a one-piece body. 
This process of interposing, compressing and heating 
is repeated N times to produce a polyimide multilayer 
wiring substrate with a layered structure comprising N 
pieces of wiring layers. The method for manufacturing 
a polyimide multilayer wiring substrate, includes the 
steps of: 

(1) forming a polyimide double-wiring layer on 
both sides of a ceramic board or a hard organic 
resin board, which includes within the board a 
conductive layer, in such a manner that metal 
bumps are formed on the surface of the polyimide 
double-wiring layer which are in electrical contact 
with the wiring layer in said polyimide wiring lay- 
ers through viaholes, 

(2) forming polyimide double-wiring layers on a 
ceramic substrate or a hard organic resin sub- 
strate, on the surface of which are formed metal 
bumps electrically connected to the wiring layers 
through viaholes in the same manner as descri- 
bed in step (1), 

(3) superposing the ceramic board or hard organ- 
ic resin board having the polyimide double-wiring 
layers on both sides thereof as formed in step (1) 
on a ceramic substrate or hard organic resin sub- 
strate having the polyimide wiring layer formed in 
step (2) with an anisotropic conductive film inter- 
posed between these boards after said boards 
and said film have been vertically aligned in order 
to bond said wiring layer formed in step (1 ) to said 
wiring layer formed in step (2) by the adhesive 
force of said conductive film under conditions of 
pressure and heat such that the metal bumps in 
each board press against the conductive f flm of 
the board opposite and crush the conductive par- 
ticles in the conductive film so as to establish 
electrical connection between the polyimide dou- 
ble-wiring layers formed in steps (1) and (2), 



(4) superposing the metal bumps formed on the 
surface of polyimide double-wiring layers on the 
ceramic board or hard organic resin board includ- 
ing therein conductive layers laminated in step 

5 (3), on the metal bumps, formed on the surface 

of polyimide double-wiring layers on the rear sur- 
face of another ceramic board or hard organic 
board including therein conductive layers lamin- 
ated by the same method as that of step (1), by 

10 the same method as that of step (3), 

(5) repeating step (4) a number of times to form 
multiple wiring layers comprising ceramic sub- 
strates or hard organic resin substrates having 

■ polyimide wiring layers thereon and ceramic 
15 boards or hard organic resin boards having con- 

ductive layers therein. 

The above and other objects, features, and ad- 
vantages of the present invention will become appa- 
rent from the following description referring to the ac- 
20 companying drawings which illustrate an example of 
a preferred embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Fig. 1 is a sectional view of a first embodiment of 

the invention and illustrates the structure of a polyi- 
mide multilayer wiring substrate. 

Figs. 2, 3, and 4 illustrate the succession of steps 
of a manufacturing method of the first embodiment of 
30 the invention^ 

Figs. 5, 6, and 7 illustrate the succession of steps 
of a manufacturing method of a second embodiment 
of the invention. 

Figs. 8, 9, and 10 illustrate the succession of 
35 steps of a manufacturing method of a third embodi- 
ment of the invention. 

Fig. 11 is a sectional view of the second embodi- 
ment of the invention and illustrates the structure of a 
polyimide-multilayer wiring substrate. 
40 Fig. 1 2 is a sectional view of a fourth embodiment 

of a polyimide multilayer wiring substrate of the pres- 
ent invention. 

Figs. 13, 14, and 15 illustrate the succession of 
steps in a fourth embodiment of manufacturing meth- 
45 od of the substrate of the invention. 

Figs. 16, 17. and 18 illustrate the succession of 
steps of a fifth embodiment of a manufacturing meth- 
od of the substrate of the invention. 

Fig. 19 is a sectional view of the fifth embodiment 
so of the substrate of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 The present invention will now be described with 

reference to the attached drawings. 

Fig.1 is a sectional view showing a polyimide mul- 
tilayer wiring substrate of the present invention. Cer- 
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amic base substrate 12 of the present embodiment is 
a co-fired alumina ceramic substrate having in- 
put/output pin 1 1 attached to the back side thereof and 
a molybdenum metal internal wiring layer. The spec- 
ifications of the polyimide multiple wiring layers are as 
follows. Signal wiring 15 consists of gold-plated wires 
25 urn wide and 7um thick. A signal wiring unit is com- 
posed two wirings in the X direction and Y direction 
being interposed betwee ri two ground wiring layers 13 
disposed on the upper and lower sides thereof, to ad- 
just impedance and reduce crosstalk noise in the wir- 
ing. The polyimide resins 14 used are, for example, in 
the case of photo-unsensitive resins, PIQ of Hitachi 
Chemical Co., Ltd., PYRALIN of Dupont, SEMICO- 
FINE of Toray Industries, Inc., and in the case of pho- 
to-sensitive resins, PL-1200 of Hitachi, P1-2702D of 
Dupont, PHOTONEECE of Toray and PIMELof Asahi 
Chemical Industry Co., Ltd., with the film thickness 
between wiring layers being 20 urn. The signal wiring 
layers are provided in eight tiers. The wiring substrate 
is basically composed of a ground electrode layer and 
a signal wiring layer disposed on both the front and 
rear sides of the ceramic board which includes inter- 
nal conductor layers, thus forming a block 111. The 
wiring substrate of the present embodiment is com- 
posed of four blocks which are interconnected follow- 
ing electrical inspection to eliminate defective blocks. 
Electrical interconnection between each block is es- 
tablished by means of the pressure applied by oppo- 
sitely positioned nickel-gold bumps 16 formed by ap- 
plying gold plating onto nickel plating against the sur- 
face of an interposed anisotropic conductive film 17 
having conductive particles present within the film 17. 
The nickel gold bumps are formed in the range of, for 
instance, 25 - 300 urn square and 10 - 50 urn thick. 
The anisotropic conductive film is 20 - 30 jam thick and 
contains conductive particles of 5 - 25 urn in diameter 
with a density of 5 - 20 % by volume. The anisotropic 
conductive film is made up of, for example, SUMIZAC 
1003 of Sumitomo Bakelite Co., Ltd. On the top layer 
of the polyimide multilayer wiring substrate thus 
formed, connection pads 110 to be used for soldering 
on an LSI chip are formed by applying copper plating. 

Figs. 2, 3 and 4 are views showing the succession 
of steps in a first embodiment of a manufacturing 
process of a polyimide multilayer wiring substrate of 
the present invention. The specification of the polyi- 
mide multiple wiring layers of the substrate of the first 
embodiment is the same as that of the embodiment in 
Fig. 1. Photosensitive polyimide is used as polyimide 
resin, and gold as the wiring metal.. 

A manufacturing process of the polyimide multi- 
layer wiring substrate of the first embodiment is as fol- 
lows: [processes (1) to (13)] 

A manufacturing process of a block is first shown 
in Fig. 2, the block of this process having a ground and 
a connection wiring layer 22 and a signal wiring layer 
25 provided on both the front and rear sides of a cer- 



amic board 21 which contains an internal conductor 
layer. 

Each process described below in drawings (1) to 
(4) is first carried out on the front side of the ceramic 

5 board 21 having internal conductor layer and then on 
the rear side thereof. By forming layers alternately on 
the front and rear sides of the board, stress to the cer- 
amic board caused by the polyimide double-wiring 
layers is canceled, thereby reducing the warp of the 

10 ceramic board. 

(1) On the front surface of a ceramic board 21 
having an internal conductor layer, a ground and 
connection wiring layer is patterned by means of 
photo-lithography using photo-resist, and by ap- 

15 plying electrolytic gold plating thereon, a ground 

and connection wiring layer 22 is formed. 

(2) Photosensitive polyimide varnish 23 is applied 
to the ceramic board having the ground and con- 
nection wiring layer formed thereon by process 

20 (1). following which the varnish is exposed and 

developed, and after viaholes 24 are formed at 
predesignated positions, the varnish is cured. 

(3) A signal wiring layer 25 is formed in the same 
way as the ground and connection wiring layer 22 

25 was formed in process (1). 

(4) On the top layer of the double-wiring layers 
formed in process (3), metal connection bumps 
26 are formed at positions which will allow elec- 
trical connection with double-wiring layers to be 

30 formed in process (5) and subsequent process- 

es. The bumps 26 are patterned by means of pho- 
to-lithography using photo-resist, and completed 
by forming multilayer electrolytic nickel and gold 
plating. The nickel plating layer functions as a dif- 
35 fusion protection layer against gold/tin particles 

which, being conductive particles of an anisotrop- 
ic conductive film, may diffuse into the gold wiring 
layer. The thickness of each plating is 10 um for 
nickel and 3 um for gold. 
40 The descriptions above relate to the manufacture 

of a block which constitutes a basic component of the 
present invention. 

Further, as shown in Fig. 3, a ground and connec- 
tion wiring layer 22 and a signal wiring layer 25 are 
45 formed on a ceramic substrate 27 to receive input/out- 
put pin 21 0 to be attached to the rear side of said sub- 
strate 27. 

(5) The ground and connection wiring layer 22 is 
patterned by means of photo-lithography using 

so photoresist on the ceramic substrate 27, and 

electrolytic gold plating is then applied to com- 
plete the ground and connection wiring layer. 

(6) Photosensitive polyimide varnish 23 is applied 
to the ceramic board having the ground and con- 

55 nection wiring layer formed by process (5). follow- 

ing which the varnish is exposed and developed, 
and after viaholes 24 are prepared at predesig- 
nated positions, the varnish is cured. 

4 
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(7) A signal wiring layer 25 is formed in the same 
way as the ground and connection wiring layer is 
formed in process (5). 

(8) On the polyimide layer formed in process (7), 
metal connection bumps 26 are formed at posi- 5 
tions which will allow electrical connection with 

the double-wiring layers formed in processes (1) 
to (4). The bumps 26 are patterned by means of 
photo-lithography using photo-resist and com- 
pleted by applying multilayer electrolytic nickel w 
and gold plating. The thickness of the nickel and 
gold plating is equal to the thicknesses in process 
(4). 

Next, a process for completing the polyimide mul- 
tilayer wiring substrate of the present invention shown 15 
in Fig. 4 will be described. In this process, a plurality 
of blocks formed by processes (1) to (4) are stacked 
in layers on the ceramic double-layer substrate made 
by processes (5) to (8). 

(9) After positioning and stacking two polyimide 20 
'* layers having anisotropic conductive film 28 inter- 
posed therebetween, one of said layers being the 
polyimide layer having metal connection bumps 

26 formed by process (4) in the polyimide double- 
wiring layers manufactured on the ceramic board 25 
in processes (1) to (4) and including the internal 
conductor layer, the other being the polyimide 
double-wiring layers made by processes (5) to (8) 
having metal connection bumps 26 formed on the 
ceramic substrate, the two polyimide layers are 30 
pressed against each other and heated to bond 
and fix them to each other by means of adhesion 
of the anisotropic conductive film 28. At this time, 
the gold/tin conductive particles present in the 
film 28 are crushed between the metal bumps 26, 35 
thereby electrically connecting the two multilayer 
structures. In the area free of metal bumps, no 
electrical connection occurs in the lateral direc- 
tion because conductive particles are not crush- 
ed, and consequently, there will be no failures 40 
caused by a short circuit between adjacent metal 
bumps. The insulation resistance at this time is no 
less than 10 9 O. The pressing and heating method 
is described below in detail. Here the anisotropic 
conductive film having a carrierf ilm made of poly- 45 
ester film 50 - 100 um thick is used. An anisotrop- 
ic conductive film cut to the size of the ceramic 
substrate is first superposed on the polyimide 
double-wiring layers formed by processes (5) to 
(8) with metal bumps built on the substrate. The 50 
film is provisionally pressed for 2 to 3 seconds at 
135°C and under a pressure of 3 - 5 kg/cm 2 . The 
carrier film is then stripped off the anisotropic 
conductive film, followed by positioning of the 
polyimide layer having the metal connection 55 
bumps formed in process (4) in the polyimide 
double-wiring layers made in processes (1) to (4) 
on the ceramic board including an internal con- 



ductor layer. After stacking, the above two polyi- 
mide layers are pressed for 20 to 30 seconds at 
a pressure of 30 - 40 kg/cm 2 and a temperature 
of 1 50 to 1 60°C. A vacuum hydraulic press is used, 
both for provisional pressing and final pressing, 
both of which are both performed under a re- 
duced pressure of no more than 10 Torr. 
(10) Other polyimide wiring layers, formed by 
processes (1) to (4) on a ceramic board which in- 
cludes an internal conductor layer are stacked 
and laminated by method (9) on the polyimide wir- 
ing multilayer produced by processes (1) to (9). 
I (11) Process (10) is' repeated until eight tiers of 
signal wiring layers are formed. 

(12) A connection electrode layer 29 is formed for 
connecting the multilayer wiring substrate and 
LSI chip wiring. Consequently, metal connection 
bumps are not needed on the top layer of the last 
block, but in their place, electrode^connection 
pads are formed on the surface of polyimide layer 
for solder jointing with the bumps of the chip car- 
riers in which LSI chips are sealed. Then, tin-lead 
eutectic solder is used for connecting the bumps 
of LSI chip carriers and the connection electrode 
pads, and the electrode connection pads are 
formed by applying copper plating which is not 
etched by tin-lead solder. 

(1 3) Finally, input/output pins and power pins 210 
are attached to their predesignated positions on 
the rear surface of ceramic substrate 27. 

Figs. 5, 6 and 7 are views showing the progres- 
sion of a second embodiment of the manufacturing 
process of the polyimide multilayer wiring substrate of 
the present invention. The specification of the polyh 
mide multiple wiring layers of the polyimide multilayer 
wiring substrate of the present embodiment is the 
same as that of the embodiment in Fig. 1. Photosen- 
sitive polyimide is used as polyimide resin, and mul- 
tilayer copper and nickel plating is applied to the wir- 
ing metal with a plating thickness of 6.5 urn for the 
copper plating and 0.5 u.m for the nickel plating. Here, 
since the photosensitive polyimide used in the pres- 
ent embodiment tends to react with metal copper, 
thereby exerting a harmful influence on polyimide, 
nickel plating is applied to copper plating as a barrier 
metal to prevent direct contact of copper and photo- 
sensitive polyimide. 

The manufacturing process of the polyimide mul- 
tilayer wiring substrate of the second embodiment is 
as follows, [processes (1) to (14)] 

The manufacturing process of a block is first 
shown in Fig. 5, wherein the block is formed by pro- 
viding a ground and connection wiring layer 32 and a 
signal wiring layer 35 respectively on both the front 
and rear sides of a hard organic resin board 31 which 
includes an internal conductor layer. 

Each process described below in drawings (1) to 
(5) is first effected on the front side of the hard organic 
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resin board which has an internal conductor layer, and 
then on the rear side thereof. By stacking multilayers 
alternately on the front and rear sides of the board, 
stress to the hard organic resin board caused by fab- 
rication of the polyimide double-wiring layers is can- 
celed, thereby reducing warpage of the hard organic 
resin board. 

(1 ) On the surface of the hard organic resin board 
31, a ground and connection wiring layer. 32 is 
piatterned by means of photo-lithography using 
photoresist, and after applying electrolytic copper 
plating thereon, electroless nickel plating is ap- 
plied to form layer 32. 

(2) Photosensitive polyimide varnish 33 is applied 
to the hard organic resin board which has the 
ground and connection wiring layer formed by 
process (1), following which the varnish is ex- 
posed and developed. After viaholes 34 are 
formed at predesignated positions on the board, 
the varnish is cured. 

(3) a signal wiring layer 35 is formed in the same 
way as the layer 32 is formed in process (1). 

(4) Polyimide varnish is applied to the signal wir- 
ing layer formed by process (3) only on the front 
side of the hard organic resin board. After expos- 
ing and developing the polyimide varnish, via- 
holes are provided in predesignated positions 
and the varnish is cured. The viaholes on the front 
side of the hard organic resin board are used for 
connection and are made larger than the metal 
bumps of the connection partner. For example, 
connection viaholes 36 are manufactured 30 - 
350 nm in size for metal bumps of 25 - 300 urn in 
size. 

(5) Connection bumps 37 are formed only on the 
rear side of the hard organic resin board on top of 
the double- wiring layers made by process (3) at 
positions which will enable electrical connection 
with the double-wiring layers which are formed in 
process (6) and following processes. The bumps 
are patterned by means of photo-lithography us- 
ing photo-resist, and completed by applying elec- 
trolytic copper plating. The thickness of the 
bumps is 60 urn. 

The above descriptions relate to the manufactur- 
ing of a block which constitutes basic components of 
the present invention. 

Further, as shown in Fig. 6, a ground and connec- 
tion wiring layer and a signal wiring layer 35 are 
formed on a ceramic substrate 38, to the rear side of 
which input/output pins 311 are attached. 

. (6) Aground and connection wiring layer 32 is pat- 
terned by means of photo-lithography using pho- 
toresist on the ceramic substrate 38 as described 
above, and electrolytic copper plating and subse- 
quent electroless nickel plating are then applied 
to complete the layer 32. 
(7) Photosensitive polyimide varnish 33 is applied 



to the ceramic board on which the ground and 
connection wiring layer has been formed by proc- 
ess (6), following which the varnish is exposed, 
developed. Viaholes 34 are prepared at predes- 
5 ignated positions and the varnish is then cured. 

(8) A signal wiring layer 35 is formed in the same 
way as the ground and connection wiring layer is 
formed in process (6). 
* (9) Polyimide varnish is applied to the signal wir- 
10 ing layer formed by process (8), following which 

the varnish is exposed and developed. Viaholes 
36 are formed at predesignated positions and the 
varnish is then cured. Viaholes formed at this 
time are used for connection and are made larger 
15 than the metal bumps with which they will con- 

nect As an example, connection viaholes 36 are 
manufactured 30 - 350 urn in size to connect with 
metal bumps 25 - 300 um in size. 
A process for completing the polyimide multilayer 
20 wiring substrate of the present invention shown in Fig. 
7 will now be described in which a plurality of blocks 
formed in processes (1) to (5) are stacked in layers on 
the ceramic double-layer substrate made in process- 
es (6) to (9). 

25 (10) After positioning and stacking two polyimide 

layers having an anisotropic conductive film 39 
interposed therebetween, one of said layers be- 
ing the polyimide layer having metal connection 
bumps 37 formed in process (5) in the polyimide 

30 double-wiring layer which has been manufac- 

tured on the rear side of the hard organic resin 
board 31 by processes (1) to (5), the other being 
the polyimide double-wiring layers made by proc- 
esses (6) to (9) having connection viaholes 36 

35 formed on the ceramic substrate, the two polyi- 

mide layers are pressed against each other and 
heated to bond and fix them to each other by 
means of adhesion of anisotropic conductive film 
39. At this time, indium/lead conductive particles 

40 present in the anisotropic conductive film are 

crushed between connection bumps 37 formed in 
process (5) and the wiring metals disposed at the 
bottom of connection viaholes .36 prepared in 
process (9) and electrically connect the multilayer 

45 structures. In the area having no metal bumps, no 

conductive particles are crushed and no electri- 
cal connection occurs in the lateral direction, and 
consequently, there will be no failure produced 
due to short circuits between adjacent metal 

so bumps, insulation resistance at this time is no 

less than 10 9 n. 

The method employed in the above pressing and 
heating process will now be described in detail. An 
anisotropic conductive film having a carrier film made 
55 of polyester film of 50 - 100 u.m thick is used. The ani- 
sotropic conductive film is cut to the size of the cer- 
amic substrate having connection viaholes and is su- 
perposed on the polyimide double-wiring layers which 
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have been formed in processes (6) to (9). The film is 
provisionally pressed for 2 to 3 seconds at a pressure 
of 3 - 5 kg/cm 2 and at a temperature of 135°C, follow- 
ing which the carrier film is stripped off the anisotropic 
conductive film. The hard organic resin board having 5 
polyimide double-wiring layers formed in processes 
(1) to (5) on its rear side and metal connection bumps 
formed in process (5) in its polyimide layer is then 
positioned. After stacking, the two polyimide layers 
are pressed for 20 to 30 seconds at a pressure of 30 10 
- 40 kg/cm 2 and a temperature of from 150 to 160°C. 
A vacuum hydraulic press is used for provisional 
pressing and final pressing, both of which are carried 
out at a reduced pressure no higher than 10 Torr. 

(11) Other polyimide wiring layers formed by 15 
processes (1) to (5) on the hard organic resin 
board having an internal conductor layer are 
stacked and laminated by method (10) on the 
polyimide wiring multilayer manufactured in proc- 
esses (1) to (10). 20 

(12) Process (11) above is repeated until eight 
tiers of signal wiring layers are formed. 

(13) A connection electrode layer 310 is formed 
for connecting the multilayer wiring substrate and 

LSI chip wiring. Consequently, no connection via- 25 
holes are needed on the top layer of the stacked 
block, but in their place, connection electrode 
pads are formed on the surface of polyimide layer 
for solder jointing the bumps of the chip carriers 
in which LSI chips are sealed. Tin-lead eutectic 30 
solder is used for connecting the bumps of the LSI 
chip carriers and the connection electrode pads, 
and the connection electrode pads are formed by 
applying copper plating which is not etched by 
tin-lead solder. 35 

(14) Finally, input/output pins and power pins 311 
are attached to predesignated positions on the 
rear of ceramic substrate 38. 

Figs. 8, 9 and 10 are views showing the progres- 
sion of a third embodiment of a manufacturing proc- 40 
ess of the polyimide multilayer wiring substrate of the 
present invention. The specification of the polyimide 
multiple wiring layers of the polyimide multilayer wir- 
ing substrate of the third embodiment is the same as 
that of the embodiment in Fig. 1 . Photosensitive poly- 45 
imide is used as the polyimide resin, and multilayer 
copper and nickel plating is applied to the wiring metal 
at a plating thickness of 6.5 ujti for the copper plating 
and 0.5 \xm for the nickel plating. Since the photosen- 
sitive polyimide to be used in the present embodiment so 
tends to react with copper and exert a harmful influ- 
ence on polyimide, nickel plating is applied to the cop- 
per plating as a barrier metal to prevent the direct con- 
tact of the copper and photosensitive polyimide. 

The manufacturing process of the polyimide mul- 55 
tilayer wiring substrate of the third embodiment is as 
follows: 

A manufacturing process of a block is first 



shown in Fig. 8 wherein the block is formed by provid- 
ing a ground and connection wiring single layer 42 
and then a signal wiring layer 45 on both sides of a 
hard organic resin board 41 which includes an internal 
conductor layer. 

Each process described in the following steps (1) 
to (5) is first effected on the front side of the hard or- 
ganic resin board which has internal conductor layer, 
and then on the rear side. By fabricating multilayers ; 
alternately on the front and rear sides of the board, 
stress to the alternate sides of the hard organic resin 
board 41 caused by fabrication of the polyimide dou- 
ble-wiring layers is canceled, thereby reducing warp 
of the hard organic resin board. 

(1) On the surface of the hard organic resin board 
41, a ground and connection wiring layer is pat- 
terned by means of photo-lithography using pho- 
toresist, and after applying electrolytic copper 
plating thereon, electroless nickel plating is fur- 
ther applied to complete the formation of a ground 
and connection wiring layer 42. 

(2) Photosensitive polyimide varnish 43 is applied 
to the hard organic resin board 41 on which the 
ground and connection wiring layer has been 
formed in process (1), following which the varnish 
is exposed and developed, and after via holes 44 
are formed at predesignated positions, the varn- 
ish is cured. 

(3) Asignal wiring layer 45 is formed in the same 
way as the ground and connection wiring layer 
was formed in process (1). 

(4) Polyimide varnish is applied on the signal wir- 
ing layer formed in the above process (3) only on 
the rear side of the hard organic resin board 41, 
following which the varnish is exposed and devel- 
oped, and after viaholes are formed at predesig- 
nated positions, the varnish is cured. The via- 
holes 46 on the rear side of the hard organic resin 
board are for connection purposes and are made 
larger than the metal bumps of the corresponding 
connection partner. For example, the connection 
viaholes are manufactured 30 - 350 u.m in size for 
connection with metal bumps 25 - 300 *im in size. 

(5) Connection bumps 47 are formed only on the 
front side of the board 41 on the top of the double- 
wiring layers made in process (3) at positions 
which will allow the bumps to electrically connect 
with the double-wiring layers to be formed in fol- 
lowing process (6) and following processes. The 
bumps are patterned by means of photo-lithogra- 
phy using photo-resist, and completed by apply- 
ing electrolytic copper plating. The thickness of 
the bumps is 60 urn. 

The above descriptions relate to the manufacture 
of a block which constitutes a basic component of the 
present invention. 

Next as shown in Fig. 9, a ground and connection 
wiring layer 42 and a signal wiring layer 45 are formed 
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in addition to the above on a ceramic substrate 48, on 
the rear side of which input/output pins 411 will even- 
tually be fixed. 

(6) The ground and connection wiring layer 42 is 
patterned by means of photo-lithography using 5 
photoresist on the ceramic substrate 48 descri- 
bed above, and electrolytic copper plating and 
subsequent electroless nickel plating are then ap- 
plied to complete the ground and connection wir- 
ing layer 42. 10 

(7) Photosensitive polyimide varnish 43 is applied 
to the ceramic board having ground and connec- 
tion wiring layer 42 formed in process (6), follow- 
ing which the varnish is exposed and developed, 

and after viaholes 44 are prepared at predesig- 15 
nated positions, the varnish is cured. 

(8) A signal wiring layer 45 is formed in the same 
way as the ground and connection wiring layer 42 
formed in process (6). 

(9) Metal connection bumps 47 are formed on the 20 
signal wiring layer 45 formed in the above proc- 
ess (8) at positions which will allow electrical con- 
nection with the multiple wiring layers formed in 
processes (1) to (5) above. The bumps are pat- 
terned by means of photo-lithography using pho- 25 
to-resist and completed by applying electrolytic 
copper plating. The thickness of the bumps is 60 

nm. 

A process for completing the polyimide multilayer 
wiring substrate of the present invention shown in Fig. 30 
10 will next be described below, in which a plurality of 
blocks formed in processes (1) to (5) are stacked in 
layers on the ceramic double-layer substrate made in 
processes (6) to (9). 

(10) After positioning and stacking two polyimide 35 
layers having an anisotropic conductive film 49 
interposed therebetween, one of said layers be- 
ing the polyimide double-wiring layer having con- 
nection viaholes 46 formed by process (5) in the 
polyimide double-wiring layers formed on the rear 40 
side of the hard organic resin board 41 through 
processes (1) to (5), the other being the polyimide 
double- wiring layers made in processes (6) to (9) 
having metal connection bumps 47 formed on the 
ceramic substrate, the two polyimide layers are 45 
pressed against each other and heated to bond 

and fix them to each other by means of adhesion 
of anisotropic conductive film 49. At this time, in- 
dium/lead conductive particles present in the film 
49 are crushed between the wiring metals dis- 50 
posed at the bottom of connection viaholes 46 
prepared in process (5) and on the metal connec- 
tion bumps 47 formed in process (9), resulting in 
the electrical connection of the two multilayer 
structures. In areas having no metal bumps, 55 
since conductive particles are not crushed, no 
electrical connection occurs in the lateral direc- 
tion, and consequently, no failure is produced due 



to short circuits between the adjacent metal 
bumps. Insulation resistance at this time is not 
less than 1 0 9 Q. Details of the above pressing and 
heating method are as follows: . 
An anisotropic conductive film 49 having a carrier 
film made of polyester film of 50 - 100 jim thick 
is used. The anisotropic conductive film is cut to 
the size of the ceramic substrate and superposed 
on the polyimide double-wiring layers formed in 

. processes (6) to (9) above and having metal con- 
nection bumps built on the substrate. The con- 
ductive film is then provisionally pressed for 2 to 

, 3 seconds at a pressure of 3 - 5 kg/cm 2 and a tem- 
perature of 1 35°C, following which the carrier film 
is stripped from the film. The surface bearing the 
conductive film is then aligned with the polyimide 
layer having connection viaholes formed in proc- 
ess (5) in the polyimide double-wiring layers 
formed in processes (1) to (5) on the rear side of 
the hard organic resin board. After stacking the 
two substrates, they are pressed for 20 to 30 sec- 
onds at a pressure of 30-40 kg/cm 2 and a temper- 
ature of 150 to 160°C. A vacuum hydraulic press 
is used for provisional pressing and final press- 
ing, both of which are performed at reduced pres- 
sure not higher than 10 Torn 

(11) Other polyimide wiring layers formed in proc- 
esses (1) to (5) on the hard organic resin board 
41 having an internal conductor layer are stacked 
and laminated according to method (10) above on 
the polyimide wiring multilayer manufactured in 
processes (1) to (10). 

(12) Process (11) is repeated until eight tiers of 
signal wiring layers are formed.. 

(13) A connection electrode layer 40 is then 
formed for connecting the multilayer wiring sub- 
strate and LSI chip wiring. Consequently, no con- 
nection bumps are needed on the top stacked lay- 
er of the block. In place of the bumps, connection 
electrode pads are formed on the polyimide layer 
to provide soldering points for the bumps of the 
chip carriers in which the LSI chips are sealed. 
Tin-lead eutectic solder is used for connecting the 
bumps of the LSI chip carriers and the connection 
electrode pads, and the connection electrode 
pads are formed by applying copper plating, 
which is not etched by tin-lead solder. 

(14) Finally, input/output pins and power pins 411 
are attached at predesignated positions on the 
rear side of the ceramic substrate. 

In the embodiment described above, the polyi- 
mide multiple wiring layers are formed on the ceramic 
substrate. However, a hard organic resin board 52 
such as a substrate formed from polyimide resin may 
be used in place of the ceramic substrate. As shown 
in Fig. 11, input/output pins 51 are then driven into the 
through-holes formed in the substrate 52 formed from 
polyimide resin. Asectional view of the polyimide mul- 
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tilayer wiring substrate made by using this polyimide 
resin formed substrate is shown in Fig. 11. The multi- 
layer wiring substrate of the present embodiment has 
the advantage of a base made of a substrate 52 
formed from polyimide resin and a polyimide multiple 
wiring layers, and hence the thermal expansion coef- 
ficients can be precisely equalized, thereby making 
the substrate suitable for manufacturing large, highly 
multilayered wiring substrates. 

By applying the processes described above, a 
highly multaayered high-density polyimide multilayer 
wiring substrate can be manufactured in a remarkably 
reduced manufacturing time when compared with 
conventional polyimide ceramic multilayer wiring sub- 
strates which are made by a phased lamination sys- 
tem, and since electrical inspection can be performed 
by block units and blocks of high-quality components 
can be selectively stacked in multilayers, a high pro- 
duction yield can also be achieved with these new 
processes. 

Fig. 12 is a sectional view showing a fourth em- 
bodiment of the polyimide multilayer wiring substrate 
of the present invention. In Fig. 12, the reference nu- 
merals can be identified as follows: 

V a co-fired alumina ceramic substrate provided 
with power pins and input/output pins 2' on the 
rear side which includes an internal wiring layer 
made of molybdenum metal 
3' a pair of signal wiring layers consisting of, for 
example, X- and Y-direction gold-plated wiring 25 
urn wide and 5 um thick 

4' a pair of ground and connection wiring layers 
provided both above and under the pair of signal 
wiring layers 3' for adjustment of impedance and 
reduction of crosstalk noise 
5' metal connection bumps made of nickel-gold 
bump produced by applying gold plating on nickel 
plating to form bumps with the dimensions, for in- 
stance, 25 - 300 um square and 10 - 50 um thick 
6' wiring blocks composed of the above signal 
wiring layers 3\ ground and connection wiring 
layers 4' and metal connection bumps 5' 
7' an anisotropic conductive film provided be- 
tween the metal connection bumps 5' of wiring 
blocks 6' which electrically connect the upper and 
lower wiring blocks 6' by means of conductive 
particles existing in the film 
8' For example, copper-plated LSI connection 
pads to which an LSI chip is soldered 
In the embodiment, the four wiring layer blocks 6' are 
stacked in layers. 

For the polyimide resins, either photo-unsensitive 
resins (for example, PIQ of Hitachi Chemical Co. t Ltd., 
PYRALIN of Dupont, SEMICOFINE of Toray Indus- 
tries, Inc.), or photo-sensitive resins (for example, PL- 
1200 of Hitachi, PI-2702D of Dupont, PHOTONEECE 
of Toray and PIMEL of Asahi Chemical Industry Co., 
Ltd.) can be used with the film thickness between 



each wiring layer being 20 um 

The thickness of the anisotropic conductive film 
7' is in the range of 20 - 30 um, and the conductive 
particles present in the film are 5 - 25 um in diameter 
5 with a density of 5 - 20 % by volume (for example, SU- 
MIZAC 1003 of Sumitomo Bakelite Co.,Ltd.). 

The wiring layer blocks 6' are electrically inspect- 
ed when completed in order to select blocks of good 
quality and then proceed to the next process in which 
10 the blocks are interconnected. 

Fig. 13, Fig. 14, and Fig. 15 are views showing 
embodiments of the manufacturing method of the 
polyimide multilayer wiring substrate shown in Fig. 1 2. 
The specification of the polyimide multiple wiring 
15 layers of the polyimide multilayer wiring substrate of 
the present embodiment is the same as that of the em- 
bodiment in Fig. 12. Photosensitive polyimide is used 
as polyimide resin, and gold as the wiring metal. 
A pair of signal wiring layers 3' and an arrange- 
20 merit of ground and connection wiring layer 4' are first 
formed on aflat aluminum board 9' (hereinafter refer- 
red to as aluminum board) according to the following 
method: 

In step St, ground and connection layer 4' is 

25 patterned by means of photo-lithography using pho- 
toresist on aluminum board 9' as shown in Fig. 13(a) 
and is completed by applying electrolytic gold plating. 

In step S 2 , as shown in Fig. 13(b), photosensitive 
polyimide varnish 10' is applied to the aluminum 

30 board 9' which has the ground and connection wiring 
layer 4' formed thereon in step S v The photosensitive 
varnish is then exposed and developed, and viaholes 
11 ' are prepared at predesignated positions, following 
which the varnish is cured. 

35 In step S3, a pair of signal wiring layers 3' are 

formed by using photosensitive polyimide for interlay- 
er insulation as shown in Fig. 13(c). The signal wiring 
layers 3' are formed by the same method in which the 
ground and connection wiring layer 4' is made in step 

40 S 1f and the insulation layer between the signal layers 
is formed according to the method by which the insu- 
lation layer is produced in step S 2 . 

In step S 4 , as shown in Fig. 1 3(d), polyimide varn- 
ish is applied to the second signal wiring layer 3' 

45 formed in step S 3 , following which it is exposed and 
developed, and after viaholes 11' are prepared at pre- 
designated positions, the varnish is cured. 

In step S 5 , metal connection bumps 12' are 
formed on the top of the multiple wiring layers formed 

so in step S 4 as shown in Fig: 13(e) at positions which will 
allow electrical connection with the multiple wiring lay- 
ers which will be formed in step S 6 and following 
steps. The bumps 12' are patterned by means of pho- 
to-lithography using photo-resist and completed by 

55 applying multilayer electrolytic nickel and gold plating. 
The nickel plating layer functions as a diffusion pro- 
tection layer against gold/tin particles which, being 
the conductive particles of the anisotropic conductive 



17 



EP 0 526 133 A2 



18 



film, may diffuse into the gold wiring layer. The thick- 
ness of each plating is 10 u.m for nickel and 3 urn for 
gold. 

In addition, a pair of signal wiring layers sand- 
wiched by a pair of ground and connection wiring lay- 
ers 4' are formed on a ceramic substrate 1' which has 
power pin and input/output pin 2' on the rear side. 

In step S 6 , shown in Fig. 14(a), a ground and con- 
nection wiring layer 4' is patterned by means of photo- 
lithography using photo-resist on the ceramic sub- 
strate 1' which is provided with input/output signal 
pins and power pins 2' disposed on its rear 
side.following which electrolytic goldplating is applied 
to complete the ground and connection wiring layer. 

In step S 7 , shown in Fig. 14(b), photosensitive 
polyimide varnish 14' is applied to the ceramic sub- 
strate on which ground and connection wiring layers 
4' were formed in step S 6 . The varnish is exposed, de- 
veloped, and, following preparation of viaholes 11' at 
predesignated positions, cured. 

In step S 8 , a pair of signal wiring layers 3' are 
formed with photosensitive polyimide to provide inter- 
layer insulation as shown in Fig. 14(c). The signal wir- 
ing layers 3' are formed through the use of the same 
method as is used for the ground and connection wir- 
ing layer in step The insulation layer between the 
signal layers is formed using the method by which the 
insulation layer is produced in step S 2 . 

In step S 9 , shown in Fig. 14(d), photosensitive 
polyimide varnish is applied to the signal wiring layer 
formed in step S 8 . The varnish is then exposed, de- 
veloped, and, following preparation of viaholes 11' at 
predesignated positions, cured. 

In step S 10 , as shown in Fig. 14(e), a second 
ground and connection wiring layer 4' is formed on the 
polyimide layer produced in step S 9 according to the 
method employed in step S 6 . 

In step S 11f a polyimide layer having viaholes 11' 
produced in the same way as in step S 9 is formed on 
the second ground and connection wiring layer as 
shown in Fig. 14(f). 

In step S 12 , shown in Fig. 14(g), metal connection 
bumps 12' are formed on the polyimide layer formed 
in step S n at positions which will allow electrical con- 
nection with the multiple wiring layer formed in steps 
Si through step S 5 above. The bumps 12' are pat- 
terned by means of photo-lithography using photo-re- 
sist and completed by applying multilayer electrolytic 
nickel and gold plating. Each nickel and gold plating 
is of the same thickness as in step S 5 above. 

In step S, 3 , after positioning and stacking two 
polyimide layers having an anisotropic conductive 
film T interposed therebetween as shown in Fig. 
15(a),(b), one of said layers being a polyimide layer 
having metal connection bumps 12' formed in step S 5 
in the polyimide multiple wiring layer formed on the 
aluminum board in steps S t through S 5 above, the 
other being the polyimide multiple wiring layer made 



in steps S s through S 12 and having metal connection 
bumps 12' formed on the ceramic substrate, the two 
polyimide layers are pressed and heated to bond and 
f ix them to each other by means of the adhesion of the 

5 anisotropic conductive film 7'. Gold/tin conductive 
particles present in the anisotropic conductive film 7' 
are crushed between the metal connection bumps 12' 
formed in steps S 5 and S 12 to effect electrical connec- 
tion between the two multilayer structures. In the area 

10 having no metal connection bumps 12', no conductive 
particles are crushed and no electrical connection oc- 
curs in the lateral direction, thereby avoiding failures 
produced due to short circuit between adjacent metal 
bumps 12'. Insulation resistance at this time is no less 

15 than 10 9 O. As a detailed description of the pressing 
and heating method, an anisotropic conductive film 7' 
is employed which has a carrier film 13' made of poly- 
ester film 50- 100 |im thick. 

The anisotropic conductive f ilm 7' is cut to the 

20 size of the ceramic substrate and superposed on the 
polyimide multiple wiring layers formed in steps S 6 
through S 12 which have metal connection bumps 12' 
formed on the substrate, following which the film is 
provisionally pressed for 2 to 3 seconds at a pressure 

25 of 3 - 5 kg/cm 2 at a temperature of 135°C. Subse- 
quently, the carrier film 13' is stripped off the aniso- 
tropic conductive film 7', followed by alignment of the 
polyimide layer metal connection bumps 12' formed 
in step S 5 in the polyimide multiple wiring layers 

30 formed in steps Si to S 5 on the aluminum board. After 
stacking, the substrate and aluminum board are 
pressed against each other for 20 to 30 seconds at a 
pressure of 30 - 40 kg/cm 2 and at a temperature of 1 50 
- 160°C. A vacuum hydraulic press is used for provi- 

35 sional pressing and final pressing, both of which are 
carried out at reduced pressure not higher than 10 
Torn 

Steps S 14 through S 19 are shown in Fig. 15(c). In 
step S u , the aluminum board portion of the already 

40 bonded substrate is immersed in a 1 6% HCI aqueous 
solution to dissolve and remove the aluminum board 
9'. In step S 15 , photosensitive polyimide varnish is ap- 
plied to the ground, and connection wiring layer 
formed in step and newly exposed in step S 14 . The 

45 polyimide varnish is then exposed and developed, 
and finally, after preparing viaholes at predesignated 
positions, cured. In step S 16 , the metal connection 
bumps 12' are formed on the polyimide layer pro- 
duced in step S 15 . The forming method is the same as 

50 the method of step S 12 . In step S 17 , the other polyimide 
wiring layers formed in steps S y to S 5 are stacked and 
laminated by the methods employed in steps S 13 to 
S 16 on the polyimide wiring multilayer formed in steps 
S, to S 16 . In step S 18 , step S 17 is repeated until eight 

55 tiers of wiring layers are obtained. Finally, in step S 19 , 
connection electrode layers are formed for connect- 
ing the multilayer wiring substrate and LSI chip wiring. 
In other words, in step S 18 , steps S 13 to S 15 are carried 



10 



19 



EP 0 526 133 A2 



20 



out and then LSI connection electrode pads 8' are 
formed for soldering with the bumps of an LSI-chip- 
sealed chip carrier on the polyimide layer produced in 
step S 15 . Tin-lead eutectic solder is used for connect- 
ing the bumps of the LSI chip carrier and the electrode 
connection pads which are formed by applying cop- 
per plating to prevent penetration by tin-lead solder. 

Fig. 16 shows a fifth embodiment of the manufac- 
turing method of the polyimide multilayer wiring sub- 
strate shown in Fig. 12. 

The specif ication of the polyimide multiple wiring 
layer of the polyimide multilayer wiring substrate of 
the present embodiment is the same as that of the em- 
bodiment in Fig. 12. Photosensitive polyimide is used 
as the polyimide resin, and multilayer copper and 
nickel plating is applied to the wiring metal with a plat- 
ing thickness of 6.5 for the copper plating and 0.5 
urn for the nickel plating. Since the photosensitive 
polyimide to be used in the present embodiment tends 
to react with metal copper, thereby exerting a harmful 
influence on polyimide, nickel plating is applied to the 
copper plating as a barrier metal to prevent direct con- 
tact between the metal copper and photosensitive 
polyimide. 

The manufacturing process of the polyimide mul- 
tilayer wiring substrate of the present embodiment is 
as follows: 

A pair of signal wiring layers and a ground and 
connection wiring layer are first formed on a flat alu- 
minum board (hereinafter referred to as the aluminum 
board) according to steps S 2 i to S 2 below. 

In step S 2 i, a ground and connection wiring layer 
is patterned by means of photo-lithography using 
photo-resist on the aluminum board 15' as shown in 
Fig. 16 (a), following which electrolytic copper plating 
and subsequent electroless nickel plating are applied 
to complete the ground and connection wiring layer 
16'. 

In step S22, shown in Fig. 16(b), photosensitive 
polyimide varnish 17' is applied to the aluminum 
board which has the ground and connection wiring 
layer formed in step S 2 i. The varnish is then exposed 
and developed. Following the preparation of viaholes 
18' at predesignated positions, the varnish is cured. 

In step S23. a pair of signal wiring layers 19' are 
formed using photosensitive polyimide for interlayer 
insulation as shown in Fig. 16(c). The signal wiring 
layers are formed by the method employed for the 
ground and connection wiring layer in step S 21f and 
the insulation layer between the signal layers is 
formed according to the method employed for the in- 
sulation layer in step S^. The nickel plating applied to 
the second signal wiring layer also functions as a dif- 
fusion prevention layer to prevent diffusion of conduc- 
tive indium/lead particles of the anisotropic conduc- 
tive film into the copper-plated wiring layer. 

In step S 2 4, polyimide varnish is applied to the 
second signal wiring layer formed in step S23, as 



shown in Fig. 16(d). The polyimide varnish is then ex- 
posed, developed, and, following the preparation of 
connection viaholes 20' at predesignated positions, 
cured. The connection viaholes are made larger than 

5 the metal bumps of the corresponding connection 
partner. For example, the connection viaholes are 
manufactured 30 - 350 urn in diameter to receive the 
metal bumps 25 - 300 um in diameter. 

Next, a pair of signal wiring layers 19' which are 

10 sandwiched by a pair of ground and connection layers 
1 6' are formed on the ceramic substrate 22' which has 
input/output pins 21 ' on its rear side. 

i In step S 25 , shown in Fig. 17(a), a ground and con- 
nection wiring layer 16' is patterned by means of pho- 
ts to-lithography using photo-resist on a ceramic sub- 
strate 22' on the rear side of which input/output signal 
pins and power pins 21' have been attached, follow- 
ing which electrolytic copper plating and a subse- 
quent electroless nickel plating are applied to com- 

20 plete the ground and connection wiring layer. 

In step S 26 , shown in Fig. 17(b), photosensitive 
polyimide varnish 17' is applied to the ceramic sub- 
strate having the ground and connection wiring layer 
16' formed in step S 5 . The varnish is then exposed 

25 and developed, and after viaholes 18' are prepared at 
the predesignated positions, the varnish is cured. 

In step S 27 , a pair of signal wiring layers 19' are 
formed by using photosensitive polyimide as interlay- 
er insulation, as shown in Fig. 1 7(c). The signal wiring 

30 layer is formed by the same method employed for the 
ground and connection wiring layer in step S 21 , and 
the insulation layer between the signal layers is 
formed according to the same method employed for 
forming the insulation layer in step S22. 

35 In step S28, photosensitive polyimide varnish is 

applied to the signal wiring layer formed in step S 27 as 
shown in Fig. 17(d). The varnish is exposed and de- 
veloped, and after preparing viaholes 18' at predes- 
ignated positions, the varnish is cured. 

40 As shown in Fig. 17(e), in step S^ a second 

ground and connection wiring layer 23' is formed on 
the polyimide layer produced in step S 28 according to 
the method employed in step S 26 . 

In step S30. the polyimide layer having viaholes 

45 18' produced as in step S 28 is formed on the second 
ground and connection wiring layer, as shown in Fig. 
17(0- 

In step S 31 , shown in Fig. 17(g), metal connection 
bumps 24' are formed on the polyimide layer pro- 

50 duced in step S 30 at position which will enable electri- 
cal connection with multiple wiring layer formed in 
steps S 21 through S 24 above. The metal connection 
bumps are patterned by means of photo-lithography 
using photo-resist, and completed by applying elec- 

55 trolytic copper plating. The bumps are 60 urn thick. 

In step S32, after positioning and laminating two 
polyimide layers having an anisotropic conductive 
film inserted therebetween as shown in Fig. 18(a),(b), 
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one of the polyimide layers being the polyimide layer 
having connection viaholes 20' formed in step S 24 in 
the polyimide multiple wiring layer formed on the alu- 
minum board in steps S 21 to S 24 and the other being 
the polyimide multiple wiring layers formed in steps 
S25 to S 31 and having metal connection bumps formed 
on the ceramic substrate, the two polyimide layers are 
pressed and heated to bond and fix them to each 
other by means of adhesion of the anisotropic conduc- 
tive film. 

Indium/lead conductive particles present in the 
anisotropic conductive film are crushed between the 
wiring metals disposed at the bottom of the connec- 
tion viaholes 20' formed by step S 24 and metal bumps 
formed by step S 31 , thereby effecting an electrical 
connection between the two multilayer structures. In 
the area having no metal connection bumps, conduc- 
tive particles are not crushed and as a result, no elec- 
trical connection will occur in the lateral direction. 
Consequently, no failures will occur due to short cir- 
cuits between adjacent metal bumps. Insulation resis- 
tance at this time is no less than 10 9 Q. The pressing 
and heating method is as follows: 
The anisotropic conductive film employed has a car- 
rier film made of polyester film 50-100 um thick. The 
anisotropic conductive film is cut to the size of the cer- 
amic substrate and is superposed on the polyimide 
multiple wiring layers formed in steps S 25 to step S 31 
and having metal connection bumps formed on the 
ceramic substrate. The conductive film is then provi- 
sionally pressed for 2 to 3 seconds at a pressure of 3 
to 5 kg/cm 2 and a temperature of 135°C. The carrier 
film is stripped off the anisotropic conductive film, fol- 
lowed by alignment with the polyimide layer having 
connection viaholes 20* formed in step S 24 in polyi- 
mide multiple wiring layer 19' made in steps S 21 to 
step S 24 on the aluminum board. After stacking, the 
above aluminum board and substrate are pressed for 
20 to 30 seconds at a pressure of 30 - 40 kg/cm 2 and 
a temperature of 150-1 60°C. A vacuum hydraulic 
press is used for provisional pressing and final press- 
ing, both of which are performed under a reduced 
pressure hot higher than 10 Torr. 

Steps S33 to step are shown in Fig. 18(c). In 
step S 33 , the aluminum board portion of the above 
substrate which has been bonded is immersed in a 
1 6% HCI aqueous solution to dissolve and remove the 
aluminum board. 

In step S34, photosensitive polyimide varnish is 
applied to the ground and connection wiring layer 
formed in step S 21 and newly exposed in step S 33 . The 
varnish is then exposed and developed, and after pre- 
paring viaholes at predesignated positions, the varn- 
ish is cured. 

In step S 35 , metal connection bumps are formed 
on the polyimide layer produced in step 834. The form- 
ing method employed is the same as the method of 
step S^. 



In step S^, a plurality of other polyimide wiring 
layers formed in steps S 2 i to S 24 are stacked and lam- 
inated using the methods of steps S 32 to on the 
polyimide wiring multilayer manufactured in steps S 21 

5 to 835. 

In step S 37 , step S 36 is repeated until eight tiers of 
wiring layers are obtained. 

Finally, in step S^. a connection electrode layer 
is formed for connecting the multilayer wiring sub- 
to strate with LSI chip wiring. In other words, steps S 31 
to S 34 are repeated in step following which elec- 
trode connection pads 8' are formed for soldering with 
the; bumps of an LSI-chip-sealed chip carrier on the 
polyimide layer produced in step S^. Tin-lead eutectic 
15 solder is used for connecting the bumps of the LSI 
chip carrier and the connection electrode pad, and the 
electrode connection pads are formed by applying 
copper plating which prevents penetration by tin-lead 
solder. 

20 In the embodiment described above, the polyi- 

mide multiple wiring layers are formed on a ceramic 
substrate. However, a hard organic resin board such 
as a substrate formed from polyimide resin may be 
used in place of the ceramic substrate. The input/out- 

25 put pins 21 ' are attached by being driven into through- 
holes provided in a substrate 25' formed from polyi- 
mide resin. A sectional view of the polyimide multilay- 
er wiring substrate made by using such a substrate 
formed from polyimide resin is shown in Fig. 19. 

30 The multilayer wiring substrate of the present em- 

bodiment is advantageous in that a base made of a 
substrate formed from polyimide resin and polyimide 
multiple wiring layers will have exactly equal thermal 
expansion coefficients, and therefore, can be easily 

35 adapted for manufacturing large, highly multilayered 
wiring substrates. 

By using the processes described above, a highly 
multilayered high-density polyimide multilayer wiring 
substrate can be manufactured in a remarkably re- 

40 duced time as compared with conventional polyimide- 
ceramic multilayer wiring substrates made by a 
phased lamination system, and since electrical in- 
spection can be performed in block units and blocks 
of good quality can be selected and stacked in multk 

45 layers, a high production yield can be achieved. 

As described above, the polyimide multilayer wir- 
ing substrate of the present invention has a structure 
comprising a plurality of blocks stacked in multilayers, 
each block being made up of a plurality of wiring lay- 

50 ers provided on both sides of a ceramic board or hard 
organic resin board which has an internal conductor 
layer, and each block being electrically interconnect- 
ed by means of an anisotropic conductive film insert- 
ed between the blocks. With the above-described 

55 substrate of the present invention, there is no need for 
the penetrating through-holes required in convention- 
al polyimide multilayer wiring substrates, and since a 
delicate pattern can therefore be formed on signal 
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wiring layers, the signal wiring capacity can be greatly 
increased and highly multilayered high-density wiring 
can be achieved. In addition, the repeated curing 
processes required for conventional polyimide-cer- 
amic multilayer wiring substrates is unnecessary in 
the present invention, resulting in a reduction in the 
manufacturing time of wiring substrates and the pre- 
vention of deterioration of the polyimide resin due to 
repeated curing. Furthermore, because electrical, in- 
spection of wiring layers can be performed by block 
units, the process of this invention enables stacking 
of blocks in multilayers after selection of good blocks. 
Since a ceramic board or hard organic resin board 
having an internal conductor layer is contained in the 
thin-film multiple wiring layer, defects in the polyimide 
resin such as cracks, separation from the ceramic 
board, or cracks in the ceramic board can be reduced 
even when many layers are stacked in the thin-film 
multiple wiring layer. Therefore, the advantages of the 
present invention are that it enables the production of 
a high-quality, highly multilayered, high-density poly- 
imide multilayer wiring substrate in a reduced manu- 
facturing time and at a high production yield. 

It is to be understood that variations and modifi- 
cations of the invention disclosed herein will be evi- 
dent to those skilled in the art. It is intended that all 
such modifications and variations be included within 
the scope of the appended claims. 



Claims 

1. A multilayer wiring substrate having polyimide 
multiple wiring layers formed on an insulating 
substrate, characterized in that said polyimide 
multiple wiring layers are formed into a layered 
structure comprising a plurality of blocks, which 
blocks are stacked on one another, each of said 
blocks comprising a plurality of polyimide wiring 
layers formed on opposite sides of an insulating 
board including within the board a conductive lay- 
er, wherein electrical connection and bonding be- 
tween the adjacent blocks is established through 
an anisotropic conductive film interposed be- 
tween said adjacent blocks. 

2. A multilayer wiring substrate as claimed in claim 

1, wherein said insulating board including therein 
a conductive layer is a ceramic board or a hard or- 
ganic resin board. 

3. A multilayer wiring substrate as claimed in claim 

2, wherein the insulating substrate is a ceramic 
substrate or a hard organic resin substrate. 

4. A method for manufacturing a polyimide multilay- 
er wiring substrate including the steps of: 

(1) on both sides of a ceramic board or a hard 



organic resin board including therein a con- 
ductive layer, forming polyimide double-wiring 
layers such that metal bumps are formed on 
the surface of each of said polyimide double- 
5 wiring layers, said bumps being in electrical 

contact with the internal wiring layers in said 
polyimide double-wiring layers through via- 
holes; 

(2) forming polyimide double-wiring layers on 
10 a ceramic substrate or a hard organic resin 

substrate such that metal bumps are formed 
on the surface of said wiring layers, said 
| bumps being in electrical contact with the in- 
ternal wiring layers in said wiring layers 
15 through viaholes in the same manner as spe- 

cified in step (1); 

(3) superposing the surface of polyimide resin 
of the polyimide double-wiring layers formed 
in step (1) on the rear surface of the ceramic 

20 board or the hard organic resin board having 

therein a conductive layer onto the surface of 
polyimide resin of the polyimide double-wiring 
layers on the ceramic substrate or the hard or- 
ganic resin substrate which are formed in step 

25 (2), an anisotropic conductive film being inter- 

posed between these boards, said surfaces of 
polyimide resin and said film being vertically 
aligned, for the purpose of bonding said wiring 
layers formed in step (1) to said wiring layers 

30 formed in step (2) by adhesive force of said 

conductive film. under conditions of pressure 
and heating such that the metal bumps oppo- 
sitely located press against the conductive 
film and crush conductive particles in the con- 

35 ductive film so as to establish electrical con- 

tact between the polyimide double-wiring lay- 
ers formed in steps (1) and (2); 

(4) superposing, in the same manner as that 
of step (3), the metal bumps formed on the 

40 surface of polyimide double-wiring layers on 

the front surface of the ceramic board or the 
hard organic resin board including therein 
conductive layers formed by step (3) onto the 
metal bumps formed on the surface of poly'h 

45 mide double-wiring layers on the rear surface 

of another ceramic board or hard organic 
board including therein conductive layers 
formed in the same manner as that of step (1); 

(5) repeating step (4) a number of times to 
so form multiple wiring layers comprising ceram- 
ic boards or hard organic resin boards, each 
having polyimide layers thereon and each 
having internal conductive layers therein 
stacked on the ceramic substrate or hard or- 

55 gariic resin substrate. 

5. A method for manufacturing a polyimide multilay- 
er wiring substrate including the steps of: 

13 
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(1) on both sides of a ceramic board or hard 
organic resin board including therein a con- 
ductive layer, forming polyimide multiple wir- 
ing layers such that metal bumps are formed 

on the polyimide double-wiring layers formed 5 
on the front side of said ceramic or resin 
board, said bumps being in electrical contact 
with internal wiring layers in said polyimide 
double-wiring layers through viaholes, and 
forming viaholes in the polyimide, each via- 10 
hole having a metal part at its bottom, in the 
surface of the polyimide double-wiring layers 
formed on the rear side of s£id ceramic or res- 
in board, said metal part being in electrical 
contact with the internal wiring layers in said 15 
polyimide double-wiring layers through the 
viaholes; 

(2) forming polyimide double-wiring layers on 
a ceramic substrate or hard organic resin sub- 
strate to form thereon metal bumps which are 20 
in electrical contact with wiring layers in said 
polyimide double-wiring layers through via- 
holes in the same manner as that of the step 

0); 

(3) superposing the surface of polyimide resin 25 
of polyimide double-wiring layers formed in 
step (1) on the rear surface of the ceramic 
board or the hard organic resin board having 
therein a conductive layer onto the surface of 
polyimide resin of the polyimide double- wiring 30 
layers on the ceramic substrate or the hard or- 
ganic resin substrate which are formed in step 

(2), an anisotropic conductive film being inter- 
posed between these two surfaces, said sur- 
faces of polyimide resin and said film vertical- 35 
ly aligned, to bond said wiring layers formed 
in step (1) to said wiring layers formed in step 
(2) by adhesive force of said conductive film 
under conditions of pressure and heating such 
that the metal parts at the bottom of the via- 40 
holes and the metal bumps press against the 
conductive film to crush conductive particles 
in the conductive film so as to establish elec- 
trical contact between the polyimide double- 
wiring layers formed in steps (1)and (2); 45 

(4) superposing by the same method em- 
ployed in step (3) the metal bumps formed in 
step (3) on the surface of polyimide double- 
wiring layers on the ceramic board including 
therein a conductive layer onto the viaholes so 
formed by the same method employed in step 

(1) on the surface of polyimide double-wiring 
layers on the rear surface of another ceramic 
board or hard organic board including therein 
a conductive layer, 55 

(5) repeating step (4) a number of times to 
form multiple wiring layers comprising ceram- 
ic boards or hard organic resin boards having 



polyimide layers thereon and having internal 
conductive layers therein stacked on the cer- 
amic substrate or hard organic resin sub- 
strate. 

6. A method for manufacturing a polyimide multilay- 
er wiring substrate including the steps of: 

(1) on the front and rear sides of a ceramic 
board or hard organic resin board which in- 
cludes therein a conductive layer, forming 
polyimide wiring layers such that viaholes of 
polyimide^ each having a metal part on its bot- 
tom, are formed in the polyimide double-wir- 
ing layers on the front side of said ceramic or 
resin board, said metal parts being in electri- 
cal contact with wiring layers in said polyimide 
double-wiring layers through viaholes, and 
forming metal bumps on the surface of the 
polyimide double-wiring layers formed on the 
rear side of said ceramic or resin board, said 
metal bumps being in electrical contact 
through the viaholes with wiring layers in said 
polyimide double-wiring layers; 

(2) forming polyimide double-wiring layers on 
a ceramic substrate or hard organic resin sub- 
strate to form therein viaholes of polyimide, 
each having a metal part on its bottom sur- 
face, said metal part being in electrical contact 
with wiring layers in said polyimide double- 
wiring layers through the viaholes in the same 
manner as that of step (1); 

(3) superposing the surface of the polyimide 
of the polyimide wiring layer formed on the 
rear surface of the ceramic or hard organic 
resin board having conductive layers therein 
formed in step (1) onto the surface of poly- 
mide wiring layers on the ceramic substrate 
formed in step (2), an anisotrapic conductive 
film being interposed between these surfaces 
with both polyimide surfaces and conductive 
film in vertical alignment for the purpose of 
bonding the surface of the polyimide wiring 
layers formed in step (4) to the surface of poly- 
imide of polyimide wiring layer formed in step 

(2) by adhesive force of said conductive film 
under conditions of pressure and heating, 
such that the metal parts at the bottom of the 
viaholes and the metal bumps press against 
the conductive f ilm and crush conductive par- 
ticles in the conductive film so as to establish 
electrical contact between the polyimide wir- 
ing layers; 

(4) superposing the viaholes formed in step 

(3) on the surface of polyimide double-wiring 
layers on the ceramic board including therein 
a conductive layer onto the metal bumps 
formed by the same method as employed in 
steps (1) and (3) on the surface of polyimide 
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double-wiring layers on the rear surface of an- 
other ceramic board or hard organic resin 
board including therein a conductive layer. 
(5) repeating step (4) a number of times to 
form multiple wiring layers comprising ceram- 5 
ic boards or hard organic resin boards having 
polyimide layers thereon and having internal 
conductive layers therein formed on the cer- 
amic substrate or hard organic resin sub- 
strate. 10 

7. A polyimide multilayer wiring substrate including 
polyimide multilayer wiring layers on a ceramic 
substrate, characterized in that, said polyimide 
multilayer wiring layers are formed into blocks, 15 
each of which has a layered structure of a plural- 
ity of wiring layers, an anisotropic conductive film 
being interposed between the surface of polyi- 
mide of a first wiring layer block and the surface 

of polyimide of a second wiring layer block such 20 
that said wiring layers are electrically connected 
with each other by means of said film and said 
wiring layers are bonded to each other by the ad- 
hesive forces of said film to form a plurality of 
blocks into one-piece body. 25 

8. A method for manufacturing a polyimide multilay- 
er wiring substrate having polyimide multiple wir- 
ing layers on a ceramic substrate, wherein said 
wiring layers are formed into blocks, each of 30 
which has a layered structure of a plurality of wir- 
ing layers, including the steps of: 

(1) forming a first wiring layer block on a hard 
flat board in which an internal wiring layer 
within said block is connected to metal bumps 35 
provided for connection formed on the sur- 
face of said block by means of through-holes; 

(2) forming the first wiring layer block on the 
ceramic substrate; 

(3) interposing an anisotropic conductive f ilm 40 
between the surface of a first block prepared 

by step (1) and the surface of a first block pre- 
pared by step (2) to electrically connect the 
two blocks by means of pressure of said metal 
bumps through said film under conditions of 45 
pressure and heating, such that said blocks 
are formed into a one-piece body by means of 
the adhesion of said film; 

(4) separating said flat board from the polyi- 
mide multiple wiring layers; 50 

(5) heating and pressing the first wiring layer 
block against the surface of the polyimide 
multiple wiring layers exposed by step (4) 
through said film to form said first block and 
polyimide multiple wiring layers into a single 55 
body, and repeating this step N times (where 
N=0, 1 , 2, - ) so that (N+2) pieces of wiring lay- 
er blocks are formed; 



(6) forming electrode pads for connecting an 
LSI on the polyimide multiple wiring layers ex- 
posed by the separation of said flat board from 
the polyimide multiple wiring layers. 

9. A method for manufacturing a polyimide multilay- 
er wiring substrate having polyimide multiple wir- 
ing layers on a ceramic substrate, wherein said 
wiring layers are formed into blocks,- each of 
which has a layered structure of a plurality of wir- 
ing layers, including the steps of: 

(1) forming a first wiring block on a hard flat 
board, wherein viaholes of polyimide are 
formed on said first wiring block, each of said 
viaholes having a metal part on its bottom 

. which is electrically connected to the internal 
wiring layers through a through-hole; 

(2) forming a second wiring block on a ceram- • 
ic substrate, wherein internal wiring layers of 
said block are connected to metal bumps pro- 
vided for connection on the surface of said 
block via through-holes, said wiring block be- 
ing formed into one layered structure of a plur- 
ality of polyimide multilayer wiring layers; 

(3) interposing an anisotropic conductive film 
between the surface of the first wiring block 
prepared in step (1) and the surface of the 
second wiring block prepared in step (2) in or- 
der to electrically connect the two blocks by 
means of the pressure of said metal parts of 
said viaholes against said metal bumps 
through said anisotropic conductive film un- 
der conditions of compressing and heating, 
such that said blocks are formed into a single 
body by adhesion of said film; 

(4) separating said hard flat board from said 
polyimide multiple wiring layers; 

(5) heating and. pressing the first wiring layer 
block against the surface of the polyimide 
multiple wiring layers exposed in step (4) 
through said film so as to form said first block 
and the polyimide multiple wiring layers into a 
single body, and repeating this step N times 
(N=0, 1 , 2-) so that (N+2) pieces of wiring layer 
blocks are formed; 

(6) forming electrode pads for connecting an 
LSI on the surface of said polyimide wiring lay- 
ers from which said flat board has been sepa- 
rated. 
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(g) Polyimide multilayer wiring substrate and method for manufacturing the same. 

(57) A polyimide multilayer wiring substrate that 
comprises a plurality of wiring layer blocks, 
each of which including a plurality of polyimide 
wiring layers, which are electrically connected 
and formed into a single body by means of an 
anisotropic conductive film that is inserted be- 
tween adjacent blocks, the multiple wiring sub- 
strate being manufactured by inserting said 
anisotropic conductive film between adjacent 
blocks and compressing and heating the blocks 
and layer of film so as to form them into a single 
body. This process of inserting, compressing 
and heating is repeated N times to provide a 
layered , structure comprising N pieces of wiring 
layer blocks. 
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